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Terminal Cytokinesis Events
Uncovered after an RNAi Screen
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trated, and there are many vesicular structures withinFrance
the bridge cytoplasm. Aside from these morphological
data, very little is known about how an intercellular
bridge is formed, stabilized, and eventually resolved toSummary
produce two topologically distinct cells (reviewed in [6]).
Recent advances in visualization technology, high-Much of our understanding of animal cell cytokinesis
throughput analysis, and RNAi provide potent new toolscenters on the regulation of the equatorial acto-myo-
for defining and exploring cell biological pathways. Wesin contractile ring that drives the rapid ingression of
have exploited these approaches to dissect steps ina deep cleavage furrow [1–5]. However, the central
cytokinesis. From our screen of 7,216 dsRNAs (see [11]part of the mitotic spindle collapses to a dense struc-
for library details), we visually identified and confirmedture that impedes the furrow and keeps the daughter
30 dsRNAs that increase the incidence of multinucleatecells connected via an intercellular bridge. Factors
cells, an indicator of failed cytokinesis (Table 1 and Fig-involved in the formation, maintenance, and resolution
ure 1). Of these, 17 are newly implicated in Drosophilaof this bridge are largely unknown [6]. Using a library
cytokinesis, and to our knowledge, 11 of these had notof 7,216 double-stranded RNAs (dsRNAs) representing
been previously implicated in animal cytokinesis (Tablesthe conserved genes of Drosophila, we performed an
1 and S1). Additionally, five genes were identifiedRNA interference (RNAi) screen for cytokinesis genes
through tests of candidate genes (asterisk in Table 1).
in Schneider’s S2 cells. We identified both familiar and
The overlap with expectation is a testament to the speci-
novel genes whose inactivation induced a multi-nucle- ficity of the screen and the success of past efforts to
ate phenotype. Using live video microscopy, we show define cytokinesis functions [2, 4, 5, 12–16].
that three genes: anillin, citron-kinase (CG10522), and The largest category of genes (Tables 1 and S1) in-
soluble N-ethylmaleimide sensitive factor (NSF) at- cludes those previously implicated in contractile-ring
tachment protein (-SNAP), are essential for the termi- formation/function, but some of these have unantici-
nal (post-furrowing) events of cytokinesis. anillin RNAi pated roles later in cytokinesis (e.g., citron-kinase, be-
caused gradual disruption of the intercellular bridge low). The second-largest category, harboring the most
after furrowing; citron-kinase RNAi destabilized the new genes, is composed of membrane trafficking genes
bridge at a later stage; -SNAP RNAi caused sister such as regulators of SNARE-mediated membrane fu-
cells to fuse many hours later and by a different mech- sion (e.g., -SNAP, below). A third category includes
anism. We have shown that the stability of the intercel- genes that contribute to the mitotic apparatus and hence
lular bridge is essential for successful cytokinesis and may affect a precondition or regulatory input for cyto-
have defined genes contributing to this stability. kinesis (e.g., fascetto/PRC-1, our unpublished observa-
tions). There remain a number of diverse genes such as a
Results and Discussion highly conserved but uncharacterized cyclin-dependent
kinase-related gene and genes influencing chromatin
Screening for Cytokinesis Genes structure/function (Table 1).
Although it narrows the waist of the cell, contraction of Examination of the RNAi phenotypes in fixed cells
an internal acto-myosin ring is not sufficient to allow (Figure 1) showed that some dsRNAs (e.g., racGAP50C
fusion of the opposing cellular membranes, a step re- or pavarotti kinesin; Figures 1B and 1C) blocked cyto-
quired for the topological separation of daughter cells. kinesis furrow ingression, as expected [16–19]. How-
Rather, as first described by Flemming in 1891 (see [7]), ever, our attention was drawn to dsRNAs that did not
a persistent intercellular bridge forms around the spindle block furrowing but nonetheless blocked cytokinesis,
remnant; this bridge is marked at its center by a darkly presumably at later, less-explored steps. Here we de-
staining structure, or midbody (e.g., Figure 1A, insert). scribe the phenotypic consequences of three such RNAi
treatments: anillin (Figure 1D), citron-kinase (Figure 1E),This bridge remains long after furrowing has completed
and soluble N-ethylmaleimide sensitive factor (NSF) at-(see Figures 2A and 2B; see also Movies 1 and 2 in the
tachment protein (-SNAP; Figure 1F).Supplemental Data available with this article online), and
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To characterize the nature of the defects, we turned to4Present address: Medical Microbiology and Immunology, Univer-
sity of Alberta, Edmonton, Alberta T6G 2H7, Canada. live-cell video microscopy and first examined cytokinesis
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Figure 1. Cytokinesis Failure and the Multinucleate Phenotype Induced by racGap50C, pavarotti, anillin, citron-kinase, or -SNAP RNAi
(A–F) S2 cells were fixed and stained for F-actin (phalloidin/red), nuclear envelope (wheat germ agglutinin/green), and DNA (Hoechst 33258/
blue) (main panels) or for tubulin (green), F-actin (red), and DNA (blue) (insets). (A) Control; (B–E) 2–3 day treatment with dsRNA for (B)
racGap50C, (C) pavarotti, (D) anillin, (E) citron-kinase, and (F) -SNAP. RNAi of these genes induced multinucleate cells. The insets show late
mitotic/telophase cells demonstrating furrowing in (A and D–F) and no furrowing in (B and C). The scale bar represents 10 m.
in cells expressing GFP-tubulin (Figure 2) or Histone through much of the approximately 24 hr cell cycle and
that the completion of cytokinesis (abscission) occursH2B-GFP (data not shown). Control cells were round
during metaphase and anaphase A (Figure 2A and Movie many hours after mitosis.
1). As the spindle extended during anaphase B, the cells
elongated nearly 2-fold. As cleavage furrow ingression Probing the Role of Actin in Intercellular
Bridge Stabilityproceeded, the spindle approached maximal extension
and “central-spindle” fibers [1], which span the cell Because the intercellular bridge is structurally sophisti-
cated and long lasting, we expect many molecularequator without reaching the poles, formed. During telo-
phase nuclear reformation, these central-spindle fibers events to contribute to its organization, maturation, and
eventual resolution. We probed the role of actin in thebecame highly compacted as they coalesced into a
newly forming intercellular bridge (Figures 2A and 2B). maintenance of the bridge by using the inhibitor of
F-actin assembly, Latrunculin A (LatA). LatA (1 g/ml)As the cells progressed into interphase, they remained
connected, but the tubulin content of the bridge steadily prevented cleavage furrow formation, as expected, but
did not cause all preexisting bridges to fail; even afterdeclined over a couple of hours, and GFP-tubulin be-
came a less reliable marker of the bridge (Figure 2B and 6 hr of treatment, many pairs of sister cells remained
connected by Anillin-positive bridges (data not shown).Movie 2). However, Anillin immunostaining served as an
effective late marker of the bridge in fixed samples. We conclude that, at the concentration used, LatA
blocks bridge formation but does not destabilize matureAnillin concentrated in the cleavage furrow during ana-
phase and then in the intercellular bridge at telophase bridges. We then used video microscopy to monitor the
effects of LatA administered during cytokinesis (Figures(Figure 3A), as previously reported [20]. With time, it
became tightly compacted into a cortical ring encircling 2C and 2D; Movies 3 and 4). Whether added during
furrowing (data not shown) or shortly thereafter (withinthe bundle of microtubules at a position marked by a
nadir in tubulin immunostaining; this nadir is known as 30 min; Figures 2C and 2D and Movies 3 and 4), LatA
induced anomalies in the bridge 5–10 min later; the GFP-the midbody (Figure 3A). Surprisingly, as long as cells
were gently processed for immunostaining, more than tubulin fluorescence started to decline more rapidly than
normal, and the bridge started to progressively widen60% of the cells were in pairs connected by these Anillin-
positive cytokinetic bridges (Figures 3A and 3D). We (Figure 2C). This led to gradual and slow (15–30 min)
furrow regression in all cases when LatA was addedconclude that intercellular bridges in S2 cells persist
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Table 1. A Genome-Wide RNAi-Based Screen Identified Both Familiar and Novel Cytokinesis Genes
2 Tests
Flybase Name
(synonym/homolog) Screen 3 Days 6 Days
Actin Ring Related
racGAP50C   
pebble (Rho GEF)   
rho1   
spaghetti squash (myosin II RLC)   
zipper (myosin II HC)   
actin 5C  na# na#
actin 42A  na# na#
diaphanous (formin)   
peanut (septin)   
septin-2*   
scraps (anillin)*   ∧
twinstar (cofilin)   
chickadee (profilin)*   
citron kinase (CG10522)   
rok (rho-kinase) * nd  
Membrane Trafficking/Organization
-SNAP   
-COP   ∧
rop (Sec1)   
syntaxin 1A* nd  
syntaxin 5   
sec5   
CG3210 (Dynamin-2, Drp1)   
fad2 (steroyl coA desaturase)   ∧
cmp44E   
Mitotic Spindle Related
pavarotti (mitotic kinesin)   
fascetto (Ase1/PRC-1)   
-Tubulin at 84D   ∧
Chromatin Regulators
tra1 (TRRAP)   
caf-1 (chromatin assem. factor)   
bap55   ∧
cap-G (condensin)  ∧ ∧
Others
ial (aurora B)  ∧ ∧
CG7236 (CDK-like, KKIALRE)   
polo kinase kinase 1   
CG10068   
Key: , 0%–2% multinucleate cells; , 5%–15% multinucleate cells; , 15%–30% multinucleate cells; , more than 30% multinucleate
cells; *, retested in candidate approach (not detected in screen; note that some of the candidates display cytokinesis defects only at day 6
and were thus nondetectable at the chosen screening time); ∧, lethal/difficult to score; nd, not present in library and tested independently;
and na#, not applicable (these cytoplasmic actins were recovered in the screen through cross-inactivation mediated via highly homologous
dsRNAs and were subsequently found to act redundantly for cytokinesis; data not shown). Red entries are genes not heretofore implicated
in animal cell cytokinesis (see Table S1 for details). Underlined entries are genes not heretofore implicated in Drosophila cytokinesis. Note
that a control dsRNA (lacI) produced less than 2% multinucleate cells at all time points.
during furrowing and in about half of cases when it graduates from sensitivity to 1 g/ml LatA to resistance
as bridges mature. We also conclude that maintenancewas added shortly afterward. Importantly, when furrows
regressed, there was no apparent dissociation of the of the compact structure of the microtubules of the
bridge requires actin polymerization, whereas the at-plasma membrane from the microtubules within the
bridge. Rather, the compacted bundle of microtubules tachment of the plasma membrane to the bridge can
persist in its absence.lost coherency and progressively broadened in coordi-
nation with gradual widening of the bridge (arrow, Figure
2C). In the cases in which furrow regression was not Stability of the Intercellular Bridge Requires Anillin
Because Anillin localizes to cleavage furrows, binds andobserved, the decline in GFP-tubulin fluorescence was
not accompanied by cleavage furrow regression within bundles actin, and has a potential membrane binding
PH domain, it has been proposed to link the contractilethe time frame of the recordings (Figure 2D and Movie
3). From these analyses, we infer that bridge integrity ring to the plasma membrane during cytokinesis [20–22].
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Figure 2. Video Microscopy of GFP-Tubulin in Control, Latrunculin A-Treated, and anillin, citron-kinase, or -SNAP RNAi Cells Undergoing
Cytokinesis
(A and B) Control cell illustrating anaphase spindle progression, cleavage furrow ingression, and formation of an intercellular bridge. In a
longer record (B), the tubulin content of the bridge gradually declined, but the bridge was detectable for at least 1 hr 30 min (arrow). (C)
Example of a control cell treated with the inhibitor of F-Actin assembly Latrunculin A (LatA; 1 g/ml) added shortly (6 min 30 s) after furrowing.
This disrupted the compact bundle of microtubules and resulted in widening of the bridge and gradual cleavage furrow regression. Note that
during regression membrane attachment to the bridge did not appear to be compromised (arrow). (D) Example of a control cell where LatA
was added slightly later (approximately 10 min) after furrowing. Although the tubulin content of the bridge began to decline more rapidly than
usual (00:27:21 and 00:42:53) and the connection appeared to widen slightly, bridge integrity was maintained, and cell fusion was not observed
within the 2 hr duration of the movie. (E) Two days of anillin RNAi. Anaphase cell elongation, central spindle formation, and furrow ingression
proceeded normally (00:00:00–00:05:30). However, shortly after furrowing, extensive membrane blebbing occurred in the cleavage area,
associated with microtubules (arrow, 00:10:00). The blebbing subsided, and the microtubules compacted as an apparently normal bridge
formed (00:36:30). Later, the microtubule bundle slowly dissociated, then gradually disintegrated amid renewed blebbing (00:50:30). Ultimately,
the furrow slowly regressed to form a binucleate cell (01:10:30). (F) Three days of citron-kinase RNAi. The cell progressed normally through
anaphase and telophase (00:00:00-00:12:36). Shortly after furrowing, initial elaboration of the intercellular bridge was marked by reversible
membrane blebbing (arrows in 00:12:36 and 00:53:33; transiently—see movie S6—this blebbing was more pronounced than in controls
but less than in anillin RNAi). Otherwise, the sister cells appeared normal as the intercellular bridge progressively thinned and matured
(01:23:39–01:55:30). Eventually, when the bridge was barely still visible (arrow, 1:55:30), the cells abruptly merged (02:04:57). (G) Two days of
-SNAP RNAi. A faint connection is visible between a pair of sister cells at the start of the movie (00:00:00, arrow). By 03:45:00, the right-
hand sister began to shrink as the left-hand one grew. Cell fusion occurred at 05:00:00, but note that the bridge was already mature by the
start of the movie. Times are given as (hr:min:s) from the start of each sequence. The scale bar represents 3 m. See the Supplemental Data
for the movie files.
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Figure 3. Anillin Localization in Control and citron-kinase or -SNAP RNAi Cells
Cells were fixed and stained with Hoechst 33258 (blue) and antibodies to -tubulin (red) and Anillin (green). (A) In control cells (no RNAi),
Anillin localized to the cleavage furrow during anaphase (left panel), formed rings around the midbody matrix in telophase (center panel; note
the gap in tubulin immunoreactivity), and persisted at this location into interphase (right panel). (B) Control cells (no RNAi) showing that Anillin-
positive bridges connected pairs of cells throughout much of interphase (arrows). Note that Anillin accumulates in the nucleus as cells progress
through interphase [20]. (C) Three days of citron-kinase RNAi. Although Anillin accumulated normally in interphase nuclei, and in telophase
bridges (not shown), fewer interphase cells were connected by bridges. In addition, remnants of Anillin rings were rarely seen in binucleate
cells after citron-kinase RNAi. (D) Quantification of paired cells in controls and after citron-kinase RNAi. After gentle transfer to conA-coated
coverslips, cells were immunostained for Anillin and -tubulin. Mononucleate cells that were paired (sister cells still connected by an Anillin-
positive bridge) or unpaired (cells no longer connected by an Anillin-positive bridge) and binucleate cells were counted in controls (n  255
pairs) and after 3 days of citron-kinase RNAi (n  264 pairs). Plot shows the percent of cells in each category. (E) Two days of -SNAP RNAi.
Remnants of Anillin rings persisted in the binucleate cells after cytokinesis failure. These rings often appeared stretched or broken (insets).
Note also the pair of cells separated by an Anillin ring (arrow); much of the contents of one sister appear to have been transferred to the
other, as seen in the live movies, indicating that the bridge is unsealed. The scale bars represent 3 m.
Seemingly consistent with this notion, previous work and that cytokinesis failure is an even later event not
associated with the onset of blebbing (Figure 2E,showed that anillin RNAi induced extensive membrane
blebbing in the cleavage area and resulted in cytokinesis 00:05:30; also Movie 5). The aberrant membranous
structures appeared to arise in association with dynamicfailures as assessed in fixed preparations ([16]; see also
Figure 1D, inset). Our real-time analysis has made it microtubules that began invading the cortex (arrow in
Figure 2E 00:10:00; also Movie 5). These perturbationsclear that the rampant membrane blebbing occurred
after normal and complete cleavage furrow ingression occurred in the broad region flanking the furrow rather
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Figure 4. Video Microscopy of the Midbody Marker Pavarotti-GFP at Late Stages of Cytokinesis in Control and anillin or citron-kinase RNAi
Cells
(A) A pair of sister cells connected by a bridge where Pav-GFP had concentrated into a compact structure that persisted throughout the 4
hr duration of the movie. Note that in this and subsequent movies, the cells had already completed furrow ingression at the time that the
record was started and that the times do not correspond to the time after cytokinesis. (B) Two days of anillin RNAi. Amid rampant membrane
blebbing, bundles of Pav-GFP fluorescence coalesced into a compacted midbody structure (00:10:00), although this gradually fragmented
into the individual bundles as they decomposed (00:26:00–00:32:00). (C) Three days of citron-kinase RNAi. Bundles of Pav-GFP fluorescence
began to split apart (00:18:00) and progressively separate as the plasma membrane rapidly regressed (00:23:00). However, the bundles
remained loosely associated with one another and did not stay attached to the regressing membrane (00:27:00). Times are given as (hr:min:s)
from the start of each sequence. The scale bar represents 2 m. See the Supplemental Data for the movie files.
than at the bridge itself, where Anillin, and any remnants suggest that Anillin has roles at several times during
post-furrowing events in cytokinesis.of the contractile ring, are ordinarily concentrated at this
time (Figure 3A). We conclude that Anillin is required for To better visualize the midbody, we observed the be-
havior of the kinesin-related protein Pavarotti-GFP (Pav-stabilizing the cortex flanking the furrow (shortly after
its ingression) and/or to regulate microtubule behavior GFP), which specifically localized to the midbody matrix
at the center of the bridge [24], where it persisted forat this location. This latter notion is supported by the
finding that Anillin interacts with microtubules in addi- several hours (Figure 4A and Movie 9). In anillin RNAi
cells, the focus of Pav-GFP staining split into bundlestion to actin [23]. Although dramatic, this phase of mem-
brane blebbing did not coincide with cytokinesis failure; that gradually separated from one another and slowly
decomposed (Figure 4B and Movie 10). The multiplethe blebbing subsided, and a bridge with a compact
bundle of microtubules formed relatively normally (Fig- discrete foci that are seen for Pav-GFP staining during
the breakup of the midbody recall the matrix materialure 2E, 00:36:30). Membrane blebbing finally resumed,
but this time it was more global and encompassed the foci, known as stem bodies, that congregate during the
formation of the midbody in mammalian cells. The disso-bridge region. The bundle of microtubules within the
bridge began to lose its integrity, the bridge broadened, ciation of midbody structures coincided with disruption
of the microtubule bundle visualized by GFP-tubulinand the cells fused (see Movie 5). As was seen after
LatA treatment, cell fusion was a slow process (15–30 (above) and with the gradual regression of the furrow.
Thus, even though Anillin is localized to the central struc-min), with full regression of the furrow being a late event
after gradual disruption of the microtubules within the ture of the bridge, the compact midbody morphology,
Pav-GFP localization (Figure 4B), and a gap in tubulinbridge. Based on this similarity, we suggest that the
documented ability of Anillin to bundle actin is key to antibody staining show that the midbody still forms in
Anillin-depleted cells. However, the subsequent desta-maintenance of the intercellular bridge at this stage.
Although furrowing and initial elaboration of the bridge bilization of the midbody indicates that Anillin normally
contributes to its stability or maturation. The relativeare relatively insensitive to Anillin depletion, our results
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timing of fusion of sister “cells” and the midbody disrup- Our findings with citron-kinase RNAi were unex-
pected; based on the fact that it interacts with Rhotion suggest that it is the lack of midbody stability that
leads to cytokinesis failure upon depletion of Anillin GTPase, localizes to cleavage furrows [25, 26], and
phosphorylates myosin light chains [27], it has beenfunction.
assumed to function primarily in acto-myosin ring con-
traction. Furthermore, overexpression of kinase-dead orStability of the Intercellular Bridge Requires
Citron-Kinase truncated forms of Citron-kinase in mammalian cells
induced aberrant contractions during furrowing [26].As with anillin RNAi, citron-kinase (CG10522) RNAi also
produced a penetrant multinucleate phenotype (Table However, consistent with the later roles we have uncov-
ered, mammalian Citron-kinase localized to the midbody1 and Figure 1E), although we found the nature of the
defect to be distinct. Real-time analysis of GFP-tubulin after furrowing [25, 26] and to presumed midbody rem-
nants in primary hepatocytes [28]. Also, Citron-kinase-revealed that cells progressed normally through mitosis,
central spindle assembly, and cytokinesis furrow in- deficient mice exhibited a highly penetrant cytokinesis
failure in spermatogonial cells ([29] and referencesgression (Figure 2F and Movie 6). At the conclusion of
ingression, transient blebbing was observed and as- therein). The “division” of these cells is normally charac-
terized by persistent intercellular bridges (that never seal)sessed as being more pronounced than similar blebbing
in controls, but much less than in anillin RNAi. Otherwise, between sister cells. Thus, although the lack of embry-
onic lethality in these mice indicates that most cells hadcell pairs appeared to progress normally as the bridge
thinned and matured. However, 1–2 hr later, when the successfully undergone cytokinesis, a requirement for
Citron-kinase in murine cell division is particularly obvi-tubulin-GFP staining of the bridge was barely detect-
able, the cells abruptly merged over about 2 min (Figure ous when resolution of intercellular bridges is slow (or
absent). We, therefore, propose that Citron-kinase has2F and Movie 6). We conclude that Citron-kinase is re-
quired for intercellular bridge stability, but at a much roles in intercellular-bridge stability in diverse species.
later stage than Anillin (compare bridge morphology in
Figure 2F, 1:55:30, with that in Figure 2E, 00:36:30–
Depleting -SNAP Function Disrupts00:50:30).
Intercellular BridgesIn the Pav-GFP-expressing cells (Figure 4C and Movie
Although citron-kinase RNAi destabilized the bridges11), citron-kinase RNAi did not initially affect the tight
within a couple of hours of furrowing, even later eventslocalization of the marker protein to the midbody, but
were revealed after RNAi of a completely novel cyto-about 5 min prior to fusion of the cells, the compact
kinesis gene, -SNAP (Figure 1F). Although long treat-fluorescence split along the axis of the bridge into sev-
ment and high doses of -SNAP dsRNA were cell lethaleral distinct bundles of Pav-GFP. The initially subtle
(Table 1) and produced early failures in cytokinesis (re-splitting progressed to more severe fragmentation over
gression during or soon after furrowing, data not shown),several minutes. When the cells fused, the membrane
shorter treatment (2 days) with lower doses (5 ng/l)rapidly regressed, leaving foci of Pav-GFP in a central
allowed cells to form intercellular bridges that maturedcluster (Figure 4C, 00:23:00–00:49:00). Apparently, the
normally and remained stable for many hours (up tomembrane lost attachment to the partially disrupted
more than 20) before abruptly regressing to form binu-midbody structure (Figure 4C). Although anillin and cit-
cleate cells (Figure 2G and Movies 7 and 8). Prior toron-kinase RNAi each disrupted the midbody and desta-
regression, the bridges were not easily discernible bybilized the bridge, the citron-kinase RNAi phenotype had
either GFP-tubulin fluorescence or phase contrast mi-a distinctly later onset, the fusion event was faster, and
croscopy. However, persistent connections were obvi-the membrane regressed without a coordinate expan-
ous from the fact that sister cells remained tightly juxta-sion of the midbody structure. Our results suggest that
posed, even when moving significantly within the fieldCitron-kinase has roles both in maintaining the assembly
of view (as observed in controls). In many instances,of midbody components and in coupling these struc-
one of a pair of sister cells gradually expanded while thetures to the membrane.
other shrank, indicating significant transfer of materialBy immunofluorescence, we found that citron-kinase
through an unsealed intercellular bridge during the 2–3RNAi did not affect the formation of Anillin rings around
hr preceding regression (Figure 2G and Movies 7 andthe midbody in telophase cells (not shown, but as in
8; see also Figure 3E). As mentioned above, Anillin im-Figure 3A). However, remnants of these rings were rarely
munofluorescence revealed that 83% of the resultingobserved in the resulting binucleate cells (10% after 3
binucleate cells contained Anillin-positive midbody rem-d RNAi, Figure 3C), whereas they frequently persisted
nants: enlarged (or broken) ring-like structures that ap-in binucleate cells induced by -SNAP RNAi (83%; see
peared to have been stretched considerably prior to re-below and Figure 3E). Additionally, after citron-kinase
gression (Figure 3E). Thus, -SNAP depletion does notRNAi, fewer mononucleate cells were connected as
destabilize Anillin rings, at least not in the same mannerpairs joined by Anillin-positive bridges (approximately
as with citron-kinase RNAi. We conclude that an ex-10% versus 60% in controls, Figure 3D). We conclude
tremely late step in cytokinesis has a requirement for athat Citron-kinase is required for the stability of Anillin
particularly high level of -SNAP function and that therings. Because the decrease in cell pairs did not lead
affected step is distinct from that affected by depletionto a coordinate increase in binucleate cells (Figure 3D),
of Anillin or Citron-kinase. We note that all of the RNAiwe also conclude that the destabilization of intercellular
phenotypes we report, while defining a functional re-bridges induced by citron-kinase RNAi sometimes led to
cell fusion and other times led to (premature) abscission. quirement for the gene we have targeted, are unlikely
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Note Added in Proof
As we were submitting this manuscript, there appeared a paper
from the Glover laboratory describing citron-kinase mutant and RNAi
phenotypes (D’Avino et al. [2004]. J. Cell Biol 166, 61–71). However,
this work did not follow cytokinesis to the stage of the late fusion,
and it did not describe the events we report as the hallmark pheno-
type of Citron-kinase depletion.
